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Description

[0001] The present invention relates to processes of
treating plant derived material to provide an aqueous lig-
uor containing sugars which are used in a fermentation
process to produce a fermentation product. In particular
the present invention relates to a process of dewatering
a fermentation broth residue, produced as a by-product
from the distillation recovery of a fermentation product.
Typically the dewatered solids are dried and used as a
solid fuel. The clarified water would normally be returned
to watercourses and/or used as wash liquor further back
in the process.

[0002] Typically suchfermentation productsinclude for
instance ethanol, glycerol, acetone, n-butanol, butane-
diol, isopropanol, butyric acid, methane, citric acid, fu-
maric acid, lactic acid, propionic acid, succinic acid, ita-
conic acid, acetic acid, acetaldehyde, 3-hydroxypropion-
ic acid, glyconic acid and tartaric acid and amino acids
such as L-glutaric acid, L-lysine, L-aspartic acid, L-
tryptophan , L-arylglycines or salts of any of these acids.
[0003] Itis known to treat a biomass with acid in order
to hydrolyse polysaccharides to the component sugars
that can be used in a fermentation process to produce a
fermentation product. For instance US-A-4384897 de-
scribes a method of treating biomass material in which
itis subjected to a two stage hydrolysis in which polysac-
charides that are more easily hydrolysed, such as hemi-
cellulose and then in a second stage the material that is
more difficultto depolymerise e.g. cellulose, is depoly-
merised using a more severe hydrolytic treatment. The
products of the first and second stages include sugar
solutions and organic acids, aldehydes. The monosac-
charides are subjected to fermentation to produce etha-
nol and the beerresulting from the fermentation may then
be subjected to rectification to produce ethanol of com-
mercial grade. US-A-4384897 sets out to provide im-
provements in more efficient washing of solids, the use
of co-current washing or countercurrent washing of solids
and proposes the use of ferric and or aluminium ions as
flocculating agents to separate finely dispersed solids
resulting from the neutralisation of the hydrolysate liquor
stream.

[0004] Itis also known from aNational Renewable En-
ergy Laboratory (NREL) report entitled "Lignocellulose
Biomass to Ethanol Process Design and Economics of
Co-Current Dilute Acid Prehydrolysis and Enzymatic Hy-
drolysis Current and Future Scenarios", NREL/IP-
580-26157 (July 1999) to treat cellulose as the second
polysaccharide by a cellulase enzyme in order to hydro-
lyse the cellulose into its component sugars. In one form
of this process the solid by-product residue resulting from
the first hydrolysis step and containing cellulose is divid-
ed into a main stream and a secondary stream. The main
stream is fed directly into the fermentation vessel and
the secondary stream is passed to a cellulase production
stage, in which fungi are allowed to grow and act upon
the cellulose, such that sugars and cellulase are form.
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The sugars and cellulase are then fed into the fermenta-
tion vessel and the cellulase acts upon the cellulose from
the main stream and converts it into the component sug-
ars which in turn can be fermented to produce the fer-
mentation product.

[0005] Itis knownto treat shredded cellulosic material
using concentrated acid to provide aqueous solutions of
sugars, which can be used in a fermentation process.
For instance US-A-4650689 discloses a process of pre-
paring ethanol from cellulosic material by subjecting the
cellulosic material to highly concentrated mineral acid
gas such as HCl under pressure, and treatment with hot
water to give a liquor containing sugars which can be
fermented.

[0006] US-A-5975439 describes an automated proc-
ess for producing ethanol by shredding the cellulosic
component of municipal solid waste and mixing this with
equal amounts of concentrated sulphuric acid at high
temperature to provide a digested mixture. The aqueous
sugar solution is separated from the solids by a filtration
process before being subjected to a fermentation proc-
ess.

[0007] However, in the recovery of the fermentation
product from the fermentation broth it is sometimes nec-
essary to continually distil off the fermentation product in
adistillation stage, wherein a stillage stream, comprising
residues and by-products is removed.

[0008] WO-A-8603514 describes manufacture of eth-
anol by fermentation and then extraction of the ethanol
from the fermentation broth. The residual fermentation
broth liquor contains yeast and dissolved polymeric ma-
terials such as polysaccharides and proteins. An advan-
tage of locating the solid liquid separation stage after the
distillation stage is that some part of the non-separable
dissolved protein in the fermentation liquor is transferred
into a separable form through coagulation due to heating
in the distillation and heat exchange processes.

[0009] In a study by Ann C Wilkie et al (Biomass and
Bioenergy 19 (2000) 63-102, the treatment of ethanol
stillage is evaluated. The bacterium, Zymomonas mobilis
has been shown to produce higher ethanol yields but
there is difficulty in separating the stillage liquor from the
solid material. The study also identifies the difficulty in
separating suspended solids from sugar crops and cel-
lulosic crops.

[0010] Galbe et al describes the use of a flocculant
(cationic or anionic) in the separation process of lignin
from a liquor resulting from a fermentation process. Sep-
aration can be done in the presence a cationic polymer.
[0011] In general, the stillage stream or still bottoms
resulting from the distillation processes are subjected to
a solids-liquid separation step to produce a dewatered
product which can be dried to produce a dry solid fuel
product. The aqueous liquid separated from the solids
are either returned to watercourses and/or recycled as
wash water used in the washing of acid treated plant
derived material. The stillage stream or still bottoms are
normally high in BOD (Biological Oxygen Demand) and
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so it is important to ensure that the aqueous liquor is
effectively clarified and the water produced therefrom is
substantially free of impurities in order not to poison wa-
tercourses and/or when used as wash liquor contaminate
the substrate that is being washed.

[0012] The stillage stream containing precipitated pro-
tein based impurities and high levels of lignin, which make
it difficult to flocculate and effect solids-liquid separation.
It is known from an NREL report entitled "Liquid/Solid
Separation" 99-10600/14 (March 2001) to treat post dis-
tillate slurry with a single polymer solution of concentra-
tion 0.01 to 0.02 wt%, identified as Perc-765, at doses in
the range of 0.4 to 1 Kg/tonne of dry solids to effect the
dewatering of the solids on a belt press to a final solids
content of 26-29 wt%. However, the filtrate clarity is poor,
with separation of a dilute feed of concentration 3 to 4
wt% producing a filtrate containing solids of 0.25 wt% or
greater. It is noted that when operating with a desired
feed concentration of 11.7 wt%, the ability to flocculate
the solids may be impacted by this difference and either
dilution of the feed, greater mixing intensity, and/or in-
creased polymer dosages may result. Based on the final
solids content and the filtrate solids content, belt presses
were notrecommended for this application. Furthermore,
the liquor is normally at an elevated temperature, for in-
stance above 50°C and can be as high as 95°C or 100°C.
Atthese elevated temperatures it is normally even harder
to adequately flocculate these liquors. It is therefore an
objective to improve the solids-liquid separation.

[0013] A process of separating suspended solids from
a fermentation liquor by subjecting the liquor to solids-
liquid separation stage,

wherein the fermentation liquor is produced in a fermen-
tation process for the production of a fermentation prod-
uct,

which liqguor comprises water, lignin and BOD,

wherein the fermentation liquor is subjected to a mechan-
ical dewatering stage during or subsequent to application
of a treatment system,

wherein the solid residue resulting from the separation
process contains mainly lignin,

wherein the solids-liquid separation stage is assisted by
a treatment system, characterised in that the treatment
system comprises ,

(ii) a cationic polymer having an intrinsic viscosity
(IV) of at least 4 dl/g and,

(iii) an anionic polymer, and/or

(iv) a cationic polymer of intrinsic viscosity of below
4 dl/lg and a cationic charge density of at least 3
megq/g and/or

(v) inorganic coagulants and/or

[0014] Intrinsic viscosity is measured using a suspend-
edlevelviscometerin 1M NaClbufferedto pH7.5at25°C.
[0015] We have found that surprisingly the yield and/or
efficiency of the process can be improved by effecting a
rapid but efficient solids-liquid separation of the solid res-
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idues from an aqueous liquor containing BOD and that
the liquor can be recycled to the fermentation process.
The treatment system of the present invention allows a
significantly improved separation of liquors from the solid
residues and by-products. In particular the process in-
duces more effective flocculation and the separation
process is found to be significantly faster. In addition the
solid residues, which contain mainly lignin, resulting from
the separation process have higher cake solids than con-
ventional separation treatment. Such a solid product
would take less time and energy to dry and thus can be
for instance used more efficiently as a solid fuel.

[0016] Usually the biomass residue comprises in ad-
dition to lignin, microbes and residual unconverted cel-
lulose and hemicellulose. Frequently the aqueous liquors
will also comprise proteins, polysaccharides, organicand
inorganic salts.

[0017] Itis also important to ensure that very effective
separation of liquor from the solid by-product is also
achieved more rapidly than conventional treatments.
[0018] In one aspect of the present invention the fer-
mentation liquor is subjected to a distillation stage in
which the fermentation productis recovered, wherein the
liquor is removed from the distillation stage as a stillage
stream and then subjected to the solids-liquid separation
stage. Thus in this form of the invention the fermentation
liquor is essentially free of the fermentation product when
it is subjected to the solids-liquid separation stage.
[0019] Alternatively the fermentation liquor contains
the fermentation product wherein the liquor is subjected
to the solids-liquid separation stage and then passed to
a distillation stage wherein the fermentation product is
recovered. Thus in this form of the invention the solids
are removed prior to the distillation stage and thus the
distillation column and the stillage stream produced
therefrom will be substantially free of the solids.

[0020] We have found that the separation process is
particularly effective when the treatment system compris-
es a second component in addition to the cationic coag-
ulant. In particular a preferred embodiment employs a
treatment system which comprises (i) the cationic coag-
ulant and (ii) a high IV cationic polymer of intrinsic vis-
cosity of at least 4 dl/g.

[0021] In a treatment system comprising cationic co-
agulant and high IV polymer, the components may be
added simultaneously, either as a pre-mix or alternatively
separately. In one preferred form of the invention the co-
agulant is added first followed by the addition of high IV
polymer. The reverse order of addition is also possible
and may be particularly suited to certain cases.

[0022] The cationic coagulant may be a low IV natural,
semi-natural or synthetic cationic polymer which exhibits
intrinsic viscosity of below 4 dl/g and a cationic charge
density of at least 3 meq/g.

Preferably the low IV polymer is selected from the group
consisting of polyamines, amine/epihalohydrin addition
polymers, polymers of dicyandiamide with formaldehyde,
polymers of diallyldimethyl ammonium chloride (DAD-
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MAC), cationic starch and cationic inulin. Polyamines
may be commercially available polyamines, for instance
polyethyleneimine (PEI). Cationic starch or cationic inulin
may be commercially available products.

[0023] Preferred coagulant polymers are addition pol-
ymers of formaldehyde with dimethylamine and option-
ally other amines such as ethylenediamine, for example
commercially available as Magnafloc™ 1597 or polymers
of formaldehyde with dicyandiamide, for example com-
mercially available as Magnafloc™ 1797. More preferred
low IV polymeric coagulants include polymers of water-
soluble ethylenically unsaturated cationic monomer or
blend of monomers at least one cationic, non-ionic or
and/or anionic monomer(s) alone or with other water sol-
uble monomers, provided that the polymer has a catio-
nicity of at least 3 meq/g. By water-soluble we mean that
the monomer has a solubility of at least 5g/100 ml at
25°C. Particularly preferred polymers are homopolymers
of diallyldimethyl ammonium chloride or copolymers of
diallyldimethylammmonium chloride with up to 20 mole%
acrylamide. Typically such polymers would have molec-
ular weights of up to 2,000,000 and usually below
1,000,000. Useful polymers would ideally exhibit an in-
trinsic viscosity of below 4 dl/g.

[0024] Inorganic coagulants may be any suitable inor-
ganic coagulants, for instance alum or polyaluminium
chloride (PAC).

[0025] Anionic polymers may be water-soluble or wa-
ter-swellable natural polymers or their derivatives. These
may include starch derivatives, soluble cellulosic poly-
mers, plant gums, marine gums, microbial gums, protein-
aceous and polypeptide extracts and synthetic ana-
logues. The anionic polymer maybe a synthetic polymer
that has been formed from ethylenically unsaturated wa-
ter-soluble monomer or monomer blend. These mono-
mers may include (meth) acrylic acid and its salts, maleic
acid and its salts, itaconic acid and its salts and the like.
[0026] When the process also involves a cationic co-
agulant and a high IV cationic polymer, the high IV pol-
ymer may be desirably selected from water-soluble or
water swellable polymers. The polymer may be a natural
polymer or a synthetic polymer which has been formed
from ethylenically unsaturated water-soluble monomer
or monomer blend. Suitably the high IV polymer is a floc-
culating agent selected from the group consisting of wa-
ter soluble or water swellable natural, semi-natural and
synthetic polymers. Natural polymers are desirably chi-
tosan based materials. Preferably the polymer is synthet-
ic and may be formed by polymerisation of at least one
cationic, non-ionic or and/or anionic monomer(s) alone
or with other water-soluble monomers.

[0027] Preferably high IV polymeric flocculating agents
are formed from ethylenically unsaturated water soluble
monomers that readily polymerise to produce high mo-
lecular weight polymers. Particularly preferred polymers
include monomers that are selected from the group con-
sisting of polyacrylamide, copolymers of acrylamide with
(meth) acrylic acid or salts thereof, copolymers of acry-
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lamide with dialkylaminoalkyl (meth) acrylate or acid ad-
dition or quaternary ammonium salts, polymers of dial-
lyldimethyl ammonium chloride. The polymers may be
linear in that they have been prepared substantially in
the absence of branching or crosslinking agent. Alterna-
tively the polymers can be branched or cross-linked, for
example as in EP-A-202780.

[0028] Desirably the coagulant and high IV polymer
are added sequentially, preferably employing the coag-
ulant first. In this way the addition of the coagulant coag-
ulates the suspended solids and the coagulated solids
are then flocculated by the bridging flocculant. However,
in some instances it may be desirable to add the high IV
flocculant first followed by the coagulant. It may also be
desirable the coagulant and high IV polymer are added
simultaneously, preferably as a premix.

[0029] In the case where the treatment system em-
ploys a premix, the coagulant may be an inorganic co-
agulant or the aforementioned low IV polymer. Preferably
the premix comprises (i) a low IV cationic polymer of in-
trinsic viscosity of below 4 dl/g and a cationic charge den-
sity of at least 3 meqg/g and (ii) a high IV cationic polymer
of intrinsic viscosity of at least 4 dl/g.

[0030] The coagulant is suitably introduced into the
aqueous suspension in any suitable amount in order to
effect coagulation of the suspended solids. Usually the
dose of coagulant is at least 50 grams per tonne (based
on dry weight of biomass residue). The dose of coagulant
is usually significantly higher, and can be typically up to
5000 grams per tonne. Usually the amount of coagulant
is added in an amount between 500 and 3000 grams per
tonne, especially around 750 to 2000 grams per tonne.
[0031] When the treatment employs a high IV floccu-
lant with the cationic coagulant, the dose of flocculant is
typically atleast 50 grams per tonne (based on dry weight
of biomass residue). The dose of flocculant is usually
significantly higher, and can be typically up to 5000 grams
per tonne. Usually the amount of flocculant is added in
an amount between 500 and 3000 grams per tonne, es-
pecially around 750 to 2000 grams per tonne.

In order to ensure that the coagulated and/or flocculated
solids are separated from the liquid medium, the biomass
residue is subjected to a mechanical dewatering stage
during or subsequent to application of the treatment sys-
tem. The mechanical dewatering step is ideally selected
from at least one of, a centrifuge, a screw press, a filter
press, a beltfilter press a horizontal beltfilter or preferably
a pressure filter.

[0032] The liquor separated from the biomass residue
comprising sugars and/or cellulose are generally free of
unwanted suspended solids and desirably are recycled
into a fermentation process in order to produce a fermen-
tation product.

[0033] The dewatered biomass residue comprises
lignin and thus is generally difficult to dewater. Generally
the dewatered biomass residue is subjected to a drying
stage and the dried residue may for instance be used as
a solid fuel, a nutrient source for further fermentation or
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a source of chemicals. The process enables the manu-
facture of the fermentation product to be made more ef-
ficiently. Preferably the fermentation product is selected
from the group consisting of ethanol, glycerol, acetone,
n-butanol, butanediol, isopropanol, butyric acid, meth-
ane, citric acid, fumaric acid, lactic acid, propionic acid,
succinic acid, itaconic acid, acetic acid, acetaldehyde, 3-
hydroxypropionic acid, glyconic acid and tartaric acid and
amino acids such as L-glutaric acid, L-lysine, L-aspartic
acid, L-tryptophan , L-arylglycines or salts of any of these
acids.
[0034] The following examples illustrate the invention.

Example |

[0035] Pre-hydrolysis: Milled wood chips steamed with
low pressure steam to approximately 100°C. After steam-
ing concentrated sulphuric acid is diluted and added to
the mixture until the mixture contains 0.52% acid and the
solids in the reactor are 22% by weight. The mixture is
then steamed heated to 175°C for 15 minutes. The mix-
ture is then flash cooled for 15 minutes to remove 6.5%
of the acetic acid and 61 % of the furfural and hydroxyme-
thyl furfural.

[0036] Separation: The 26% insoluble solids present
in the pre-hydrolysed slurry (containing 0.38% sulphuric
acid) is treated then separated on afilter press. A method
of reducing the toxins remaining in the liquid portion is to
wash with (recycled) water. Afterion exchange to remove
acetic acid, the liquid portion of the hydrolysate is acidi-
fied to pH 2 by the addition of sulphuric acid. Lime is then
added to raise the pH to 10 and the liquor is heated to
50°C. The liquid is then adjusted to the fermentation pH
of 4.5 for 4 hours allowing gypsum crystals to form for
separation by filtration.

[0037] Simultaneous Saccharification and Co-Fer-
mentation (SSCF): Detoxified and diluted hydrolysed sol-
ids are split to cellulase fermentations and SSCF fer-
menters. The hydrolysate feed stream is 22% soluble
and insoluble solids. The portion of hydrolysate split off
for Z. mobilis seed production is approximately 10%. The
portion of hydrolysed solids split off for cellulase produc-
tion is dependent on the cellulase yield on the xylose and
cellulose present and the required loading of enzyme in
the SSCF. For cellulase production pre-hydrolysed sol-
ids-conditioned hydrolysate liquor, recycle water, corn
steep liquor (to 1%) and nutrients ((NH,),S0,4, KH,PO,,
MgS0O,.7H,0 CaCl,.2H,0 and Tween 80) and corn oil
as an antifoam (0.1 % v/v) are combined to give a final
cellulose concentration of 4%. The batch is then run for
160 hours at 28°C to produce cellulase. For SSCF, de-
toxified hydrolysate slurry (22% total solids) is cooled to
30°C and added to the fermenter together witha 10%(v/v)
seed inoculum. Addition of corn steep liquor to 0.25%
and cellulase to give a final concentration of 15 FPU/g
(cellulose) and an initial cellulose concentration of 22%.
The SSCF fermentation in which cellulose is converted
to fermentable sugars by cellulase and the fermentable
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sugars converted to ethanol by Z. mobilis takes 7 days.
Distillation: A whole beer containing 5.1 % ethanol by
weight is fed to a distillation column where the ethanol
concentration is reduced to 0.12% by weight, and gen-
erating vapour containing 37% by weight ethanol.
[0038] Separation: A 200 ml portion of the still bottom
stream containing 7.5% suspended solids by weight and
2.5% soluble solids at 85°C was flocculated in a Triton
mixer set at a speed of 1500 revs per minute and treated
with a 65:35 blend of polymer A (polyDADMAC IV approx
1 dl/g) and polymer B (a cationic polymer active compo-
sition 20% acrylamide 80% cationic monomer dimethyl-
aminoethyl methacrylate quaternized with methyl chlo-
ride having an IV of 4 dl/g preferably after shear as de-
scribed in EP 0202780B) at a dose of 5 kg/tonne dry
solids. The flocculated stillage is allowed one minute of
free drainage time. A free drainage of 80 ml in 5 seconds
is obtained. A sample of the flocculated material was also
transferred to a piston press. A press cycle of ten minutes
is used with a maximum pressure of 100 psi. The 5 sec-
ond filtrate volume was 101 ml and the cake solids was
31.4%.

Example Il

[0039] Inordertoevaluate the separation of liquid from
solids in a fermentation broth a test procedure was es-
tablished which will now be described by way of example
with reference to the accompanying drawings in which:

Figure 1 shows a test rig in part sectional side ele-
vation,

Figure 2 is a plan view of the rig of Figure 1,and
Figure 3 is a graph showing the speed of separation
at different concentrations of flocculant.

[0040] Referring to the drawings the test rig comprises
a vertically oriented open ended tube 10. the lower end
of the tube 10 is disposed just above filter paper 12. Con-
tacts 14 are provided on the filter paper which are ar-
ranged to supply a signal to a timer 16 to start the timer
when liquid spreads to the contacts form the tube 10. A
further contact 18 linked to the timer is arranged to turn
the timer off when liquid from the tube reaches the
contact18. Thus the rig measures the time taken for liquid
to spread across the filter paper from contacts 14 to con-
tact 18. This is known as Capllary Suction Time (CST)
and is a measure of the speed of separation of liquid from
solid in a sample under test.

[0041] A 10 ml sample of fermentation broth was
placed in a measuring cylinder and flocculantadded. The
cylinder was closed and then inverted a number of times,
for example eight times, in order to ensure good distri-
bution of the flocculant in the fermentation broth at low
shear. The sample was then poured into tube 10 of the
test rig and the CST obtained.

[0042] The CST, in seconds, of a fermentation broth
derived from corn stover pretreated with 60 ppm of Pol-
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ymer 1 was measured at different additions of cationic
flocculant(Polymer 2). The results are shown in the graph
of Figure 3 which also shows CST for samples with the
addition of water in place of flocculant.

[0043] Polymer 1 is a copolymer of 52.5 wt% sodium
acrylate and 47.5 wt% acrylamide, IV approx. 11 dl/g
Polymer 2 is a copolymer of 43.5 wt% acrylamide and
56.5 wt% cationic monomer (dimethylaminoethylacrylate
quaternised with methyl chloride), IV approx. 6.5 di/g.

Claims

1. A process of separating suspended solids from a
fermentation liquor by subjecting the liquor to solids-
liquid separation stage,
wherein the fermentation liquor is produced in a fer-
mentation process for the production of a fermenta-
tion product,
which liqguor comprises water, lignin and BOD,
wherein the fermentation liquor is subjected to a me-
chanical dewatering stage during or subsequent to
application of a treatment system,
wherein the solid residue resulting from the separa-
tion process contains mainly lignin,
wherein the solids-liquid separation stage is assisted
by a treatment system, characterised in that the
treatment system comprises ,

(i) a cationic polymer having an intrinsic viscos-
ity (IV) of at least 4 dl/g and,

(iii) an anionic polymer, and/or

(iv) a cationic polymer of intrinsic viscosity of be-
low 4 dl/g and a cationic charge density of at
least 3 meg/g and/or

(v) inorganic coagulants and/or

(vi) charged microparticulate material.

2. A process according to claim 1 in which the fermen-
tation liquor is subjected to a distillation stage where-
in the fermentation product is recovered, wherein the
liquor is removed from the distillation stage as a stil-
lage stream and then subjected to the solids-liquid
separation stage.

3. A process according to claim 1 in which the fermen-
tation liquor contains the fermentation product
wherein the liquor is subjected to the solids-liquid
separation stage and then passed to a distillation
stage wherein the fermentation product is recovered

4. A process according to any of claims 1 to 3 in which
the treatment system comprises (i) a low 1V cationic
polymer of intrinsic viscosity of below 4 dl/g and a
cationic charge density of at least 3 meg/g and (ii) a
high 1V cationic polymer of intrinsic viscosity of at
least 4 dl/g.
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5.

10.

1.

12.

13.

14.

15.

A process according to any of claims 1 to 4 in which
the low IV polymer is selected from the group con-
sisting of polyamines, amine/epihalohydrin addition
polymers, polymers of dicyandiamide with formalde-
hyde, polymers of diallyldimethyl ammonium chlo-
ride (DADMAC), cationic starch and cationic inulin.

A process according to any of claims 1 to 5 in which
the inorganic coagulant is selected from alum and
polyaluminium chloride (PAC).

A process according to claims 1 to 6 in which the
coagulant is a charged microparticulate material.

A process according to any of claims 5 to 7 in which
the high IV polymer is selected from water-soluble
or water-swellable polymers, which polymer is a nat-
ural polymer, semi-natural polymer or a synthetic
polymer which has been formed from ethylenically
unsaturated water-soluble monomer or monomer
blend.

A process according to any of claims 5 to 8 in which
the high IV polymer is either chitosan based material
or a polymer of acrylamide with one or more water
soluble cationic monomers selected from dialkylami-
noalkyl (meth) acrylates, dialkylaminoalkyl (meth)
acrylamides and acid addition salts or quaternary
ammonium salts thereof.

A process according to any of claims 5 to 9 in which
the coagulant and high IV polymer are added se-
quentially, preferably employing the coagulant first.

A process according to any of claims 5 to 9 in which
the coagulant and high IV polymer are added simul-
taneously, preferably as a premix.

A process according to claim 11 in which the premix
comprises (i) a low 1V cationic polymer of intrinsic
viscosity of below 4 dl/g and a cationic charge density
of at least 3 meqg/g and (ii) a high IV cationic polymer
of intrinsic viscosity of at least 4 dl/g.

A process according to any of claims 1 to 12 in which
the dose of coagulant is at least 50 grams per tonne
(based on dry weight of fermentation liquor).

A process according to any of claims 5 to 13 in which
the dose of high IV polymer is at least 50 grams per
tonne (based on dry weight of fermentation liquor).

A process according to claim 1 in which the mechan-
ical dewatering step is selected from at least one of,
a centrifuge, a screw press, a filter press, a belt filter
press a horizontal belt filter or preferably a pressure
filter.
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A process according to any of claims 1 to 15 in which
the treated liquor from which suspended solids have
been removed are recycled and used as wash water.

A process according to any of claims 1 to 16 in which
the fermentation liquor comprises lignin and in which
the separated solids are dewatered and then sub-
jected to adrying stage to provide a dry solid material
and in which the dry solid material is used as a solid
fuel.

A process according to any of claims 1 to 17 in which
the fermentation product is selected from the group
consisting of ethanol, glycerol, acetone, n-butanol,
butanediol, isopropanol, butyric acid, methane, citric
acid, fumaric acid, lactic acid, propionic acid, succin-
ic acid, itaconic acid, acetic acid, acetaldehyde, 3-
hydroxypropionic acid, gluconic acid and tartaric ac-
id and amino acids such as L-glutaric acid, L-lysine,
L-aspartic acid, L-tryptophan, L-arylglycines or salts
of any of these acids.

Patentanspriiche

1.

Verfahren zum Abtrennen suspendierter Feststoffe
aus einer Fermentationsbriihe durch Unterwerfen
der Briihe an eine Feststoff-Flussigkeits-Trennstufe,
wobei die Fermentationsbriihe bei einem Fermenta-
tionsverfahren fiir die Herstellung eines Fermentati-
onsprodukts hergestellt wird,

welche Briihe Wasser, Lignin und BOD umfasst,
wobei die Fermentationsbriihe einer mechanischen
Entwasserungsstufe wahrend oder nach der Anwen-
dung eines Behandlungssystems unterworfen wird,
wobei der feste Riickstand, der bei dem Trennver-
fahren entsteht, hauptsachlich Lignin enthalt,
wobei die Feststoff-Flussigkeits-Trennstufe durch
ein Behandlungssystem unterstltzt wird, dadurch
gekennzeichnet, dass das Behandlungssystem

(ii) ein kationisches Polymer mit einer intrinsi-
schen Viskositat (IV) von wenigstens 4 dl/g und
(iii) ein anionisches Polymer und/oder

(iv) ein kationisches Polymer mit einer intrinsi-
schen Viskositat von unter 4 dl/g und einer kat-
ionischen Ladungsdichte von wenigstens 3
meq/g und/oder

(v) anorganische Koagulationsmittel und/oder
(vi) geladenes mikropartikulares Material
umfasst.

Verfahren gemaf Anspruch 1, wobei die Fermenta-
tionsbriihe einer Destillationsstufe unterworfen wird,
worin das Fermentationsprodukt gewonnen wird,
wobei die Briihe von der Destillationsstufe als Stil-
lationsstrom entferntund dann der Feststoff-Flissig-
keits-Trennstufe unterworfen wird.
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10.

1.

Verfahren gemaf Anspruch 1, wobei die Fermenta-
tionsbrihe das Fermentationsprodukt enthalt, wobei
die Briihe der Feststoff-Fllssigkeits-Trennstufe un-
terworfen und dann zu einer Destillationsstufe gelei-
tet wird, worin das Fermentationsprodukt gewonnen
wird.

Verfahren gemaf einem der Anspriiche 1 bis 3, wo-
bei das Behandlungssystem (i) ein kationisches Nie-
der-1V-Polymer mit einer intrinsischen Viskositat un-
ter 4 dl/g und einer kationischen Ladungsdichte von
wenigstens 3 meq/g und (ii) ein kationisches Hoch-
IV-Polymer mit einer intrinsischen Viskositat von we-
nigstens 4 dl/g umfasst.

Verfahren gemaf einem der Anspriiche 1 bis 4, wo-
bei das Nieder-IV-Polymer ausgewahlt ist aus der
Gruppe bestehend aus Polyaminen, Amin/Epihalo-
hydrin-Additionspolymeren, Polymeren von Dicyan-
diamid mit Formaldehyd, Polymeren von Diallyldi-
methylammoniumchlorid (DADMAC), kationischer
Starke und kationischem Inulin.

Verfahren gemaf einem der Anspriiche 1 bis 5, wo-
bei das anorganische Koagulationsmittel ausge-
wahlt ist aus Alum und Polyaluminiumchlorid (PAC).

Verfahren gemaf einem der Anspriiche 1 bis 6, wo-
bei das Koagulationsmittel ein geladenes mikropar-
tikulares Material ist.

Verfahren gemaf einem der Anspriiche 5 bis 7, wo-
bei das Hoch-IV-Polymer ausgewahlt ist aus was-
serléslichen oder wasserquellbaren Polymeren,
welches Polymer ein natiirliches Polymer, ein halb-
natirliches Polymer oder ein synthetisches Polymer
ist, das aus einem ethylenisch nichtgesattigten was-
serléslichen Monomer oder Monomerengemisch
gebildet worden ist.

Verfahren gemaf einem der Anspriiche 5 bis 8, wo-
bei das Hoch-IV-Polymer entweder ein Chitosanba-
siertes Material oder ein Polymer von Acrylamid mit
einem oder mehreren wasserloslichen Monomeren,
ausgewahlt aus Dialkylaminoalkyl(meth)acrylaten,
Dialkylaminoalkyl(meth)acrylamiden und S&uread-
ditionssalzen oder quaterndren Ammoniumsalzen
davon, ist.

Verfahren gemaf einem der Anspriiche 5 bis 9, wo-
bei das Koagulationsmittel und das Hoch-I1V-Poly-
mer aufeinanderfolgend zugegeben werden, wobei
vorzugsweise zuerst das Koagulationsmittel einge-
setzt wird.

Verfahren gemaf einem der Anspriiche 5 bis 9, wo-
bei das Koagulationsmittel und das Hoch-IV-Poly-
mer gleichzeitig zugegeben werden, vorzugsweise
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als Vormischung.

Verfahren gemal Anspruch 11, wobei die Vormi-
schung (i) ein kationisches Nieder-IV-Polymer mit
einer intrinsischen Viskositat unter 4 dl/g und einer
kationischen Ladungsdichte von wenigstens 3
meq/g und (ii) ein kationisches Hoch-1V-Polymer mit
einer intrinsischen Viskositat von wenigstens 4 dl/g
umfasst.

Verfahren gemaR einem der Anspriiche 1 bis 12,
wobei die Dosis an Koagulationsmittel wenigstens
50 Gramm pro Tonne betragt (bezogen auf das Tro-
ckengewicht der Fermentationsbrihe).

Verfahren gemaR einem der Anspriiche 5 bis 13,
wobei die Dosis an Hoch-1V-Polymer wenigstens 50
Gramm pro Tonne betragt (bezogen auf das Tro-
ckengewicht der Fermentationsbrihe).

Verfahren gemaR Anspruch 1, wobei der mechani-
sche Entwasserungsschritt ausgewahlt ist aus we-
nigstens einem von einer Zentrifuge, einer Schrau-
benpresse, einer Filterpresse, einer Bandfilterpres-
se, einem horizontalen Bandfilter und vorzugsweise
einem Druckfilter.

Verfahren gemaR einem der Anspriiche 1 bis 15,
wobei die behandelte Briihe, aus der suspendierte
Feststoffe entfernt worden sind, recycelt und als
Waschwasser verwendet wird.

Verfahren gemaR einem der Anspriiche 1 bis 16,
wobei die Fermentationsbriihe Lignin umfasst und
wobei die abgetrennten Feststoffe entwéassert und
dann einer Trocknungsstufe unterworfen werden,
um ein trockenes festes Material zu ergeben, wobei
das trockene feste Material als fester Brennstoff ver-
wendet wird.

Verfahren gemaR einem der Anspriiche 1 bis 17,
wobei das Fermentationsprodukt ausgewahlt ist aus
der Gruppe bestehend aus Ethanol, Glycerol, Ace-
ton, n-Butanol, Butandiol, Isopropanol, Buttersaure,
Methan, Citronensdure, Fumarséaure, Milchsaure,
Propionsaure, Bernsteinsaure, ltaconsaure, Essig-
saure, Acetaldehyd, 3-Hydroxypropionsaure, Glu-
consaure und Weinsaure und Aminosauren, wie z.
B. L-Glutarsdure, L-Lysin, L-Asparaginsdure, L-
Tryptophan, L-Arylglycinen und Salzen beliebiger
dieser Sauren.

Revendications

1.

Procédé de séparation de matiéres solides en sus-
pension a partir d’'une liqueur de fermentation en
soumettant la liqueur a une étape de séparation so-
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lide-liquide,

dans lequel la liqueur de fermentation est produite
dans un procédé de fermentation pour la production
d’un produit de fermentation,

ladite liqueur comprenant de I'eau, de la lignine et
BOD,

laliqueur de fermentation étant soumise a une étape
de déshydratation mécanique pendantou apres'ap-
plication d’'un systéme de traitement,

le résidu solide résultant du procédé de séparation
contenant principalement de la lignine,

I'étape de séparation solide-liquide étant assistée
par un systeme de traitement, caractérisé en ce
que le systéme de traitement comprend,

(ii) un polymére cationique ayant une viscosité
intrinséque (V) d’au moins 4 dl/g et,

(iii) un polymeére anionique, et/ou

(iv) un polymeére cationique de viscosité intrin-
seque inférieure a 4 dl/g et une densité de char-
ge cationique d’au moins 3 meq/g et/ou

(v) des coagulants inorganiques et/ou

(vi) un matériau microparticulaire chargé.

Procédé selon la revendication 1 dans lequel la li-
queur de fermentation est soumise a une étape de
distillation dans laquelle le produit de fermentation
estrécupéré, la liqueur étant séparée de I'étape dis-
tillation sous la forme d’un flux de distillation et en-
suite soumise a I’étape de séparation solide-liquide.

Procédé selon la revendication 1 dans lequel la li-
queur de fermentation contient le produit de fermen-
tation dans lequel la liqueur est soumise a I'étape de
séparation solide-liquide et ensuite transférée vers
une étape de distillation dans laquelle le produit de
fermentation est récupéré.

Procédé selon 'une quelconque des revendications
1 a3 danslequel le systéme de traitement comprend
(i) un polymere cationique a VI faible de viscosité
intrinséque inférieure a 4 dl/g et une densité de char-
ge cationique d’au moins 3 meq/g et (ii) un polymére
cationique a VI élevée de viscosité intrinséque d’au
moins 4 dl/g.

Procédé selon 'une quelconque des revendications
1 a 4 dans lequel le polymeére a VI faible est choisi
dans le groupe constitué de polyamines, polymeres
d’addition d’amine/épihalogénohydrine polyméres
de dicyanodiamide avec du formaldéhyde, polyme-
res de chlorure de diallyldiméthylammonium (DAD-
MAC), amidon cationique et inuline cationique.

Procédé selon 'une quelconque des revendications
1 a5 dans lequel le coagulantinorganique est choisi
parmi I'alun et le poly(chlorure d’aluminium) (PAC).
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Procédé selon les revendications 1 a 6 dans lequel
le coagulant est un matériau microparticulaire char-

geé.

Procédé selon I'une quelconque des revendications
5 a 7 dans lequel le polymeére a VI élevée est choisi
parmi des polymeres hydrosolubles ou gonflables
dans I'eau, ledit polymeére étant un polymeére naturel,
un polymeére semi-naturel ou un polymére synthéti-
que qui a été formé a partir d'un monomere hydro-
soluble ou un mélange de monomeres a insaturation
éthylénique.

Procédé selon I'une quelconque des revendications
5 a 8 dans lequel le polymere a VI élevée est un
matériau a base de chitosane ou un polymére
d’acrylamide avec un ou plusieurs monomeéres ca-
tioniques hydrosolubles choisis parmi des
(méth)acrylates de  dialkylaminoalkyle, des
(méth)acrylamides de dialkylaminoalkyle et des sels
d’addition d’acide ou des sels d’ammonium quater-
naire de ceux-ci.

Procédé selon I'une quelconque des revendications
5 a 9 dans lequel le coagulant et le polymeére a VI
élevée sont ajoutés séquentiellement, de préférence
en utilisant le coagulant dans un premier temps.

Procédé selon I'une quelconque des revendications
5 a 9 dans lequel le coagulant et le polymeére a VI
élevée sont ajoutés simultanément, de préférence
sous la forme d’'un prémélange.

Procédé selonlarevendication 11 dans lequel le pré-
mélange comprend (i) un polymeére cationique a VI
faible de viscosité intrinséque inférieure a 4 dl/g et
une densité de charge cationique d’au moins 3
meq/g et (ii) un polymeére cationique a VI élevée de
viscosité intrinséque d’au moins 4 dl/g.

Procédé selon I'une quelconque des revendications
1 @ 12 dans lequel la dose de coagulant est d’au
moins 50 grammes par tonne (sur la base du poids
sec de liqueur de fermentation).

Procédé selon I'une quelconque des revendications
5 a 13 dans lequel la dose de polymeére a VI élevée
est d’au moins 50 grammes par tonne (sur la base
du poids sec de liqueur de fermentation).

Procédé selon la revendication 1 dans lequel I'étape
de déshydratation mécanique est choisie parmi au
moins I'un parmi, une centrifugeuse, une presse a
vis, une presse a filtre, une presse a filtre a bande,
un filtre a bande horizontale ou, de préférence, un
filtre a pression.

Procédé selon I'une quelconque des revendications
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17.

18.

1a15danslequellaliqueurtraitée a partir de laquelle
les matiéres solides en suspension ont été éliminées
sont recyclées et utilisées en tant qu'eau de lavage.

Procédé selon 'une quelconque des revendications
1 a 16 dans lequel la liqueur de fermentation com-
prend de lalignine et dans lequel les matieéres solides
séparées sont déshydratées et ensuite soumises a
une étape de séchage pour obtenir un matériau so-
lide sec et dans lequel le matériau solide sec est
utilisé en tant que combustible solide.

Procédé selon 'une quelconque des revendications
1 a 17 dans lequel le produit de fermentation est
choisi dans le groupe constitué de I'éthanol, le gly-
cérol, 'acétone, le n-butanol, le butanediol, 'iso-
propanol, I'acide butyrique, le méthane, I'acide citri-
que, I'acide fumarique, I'acide lactique, I'acide pro-
pionique, I'acide succinique, I'acide itaconique, I'aci-
de acétique, I'acétaldéhyde, I'acide 3-hydroxypro-
pionique, I'acide gluconique et l'acide tartrique et des
acides aminés tels que I'acide L-glutarique, la L-ly-
sine, l'acide L-aspartique, le L-tryptophane, des L-
arylglycines ou des sels de I'un quelconque de ces
acides.
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